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OPERATION CROSSROADS - Baker

23 ktTOTAL YIELD:
HEIGHT OF BURST: -90 ft

Sponsor: LASL and DOD

Near How
N
E
level

PPG - Bikini 
110 37' 10"

1650 29' 28"
elevation: SeaSite

SITE:

GMT
24 Jul 1946
2135

PPG time
25 Jul 1946
0835

DATE:
TlNE:

FIREBAlJ., DA.TA:
Time to 1st minimum: NM
Time to 2nd maximum: NM
Radius at 2nd maximum: NM

TYPE OF BURST AND PLACEMENT:
Underwater - cable-supported

90 ft above lagoon floor.
Lagoon was 180 ft deep.

CLOUD TOP HEIGHT: 7,600 ft MSL

CRATER DATA:
Diameter:

Depth:

3,300 ft maximum
1,800 ft minimum

25 ft

REMARKS:

The contamination pattern is unreliable. The dose-rate readings
used for the pattern were obtained from the total dose measured by
film badges collected between D+10 days and D+15 days. The radioactivity
on the target vessels diminished At its greatest
extent the base surge extended about 2,000 yd upWind, 3,000 yd crosswind
and 4,000 yd downwind. 'IThe contamination resulted from fallout or
radioactive rain from the mushroom head reinforced somewhat by condensation
of the base surge. Ideally there should have been an annular infinitive
dose pattern as a result of fallout from the outer edGes of the mushroom
head. This ideal pattern was changed because of the intermittent be
havior of the rain-out and because of the varying ability of the differe~t

target ships to retain the fa llout act i vity. "
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Figure 4. Operation CROSSROAffi - Baker. On-site
dose rate contours in r/hr at H+l hour.
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TABLE 2 BIKINI WIND DATA FOR OPERATION CROSSROADS-

Altitude H-hour Altitude H-hour
~L) Direction Speed (MSL) Direction Speed

feet degrees mph feet degrees mph

Surface 200 03 14,000 080 09
2 J OOO 160 12 15,000 080 09
4,000 160 12 16,000 080 13
6,000 150 09 20,000 110 09
8,000 150 08 25,000 050 12

10,000 120 09 30,000 040 20
12J OOO 110 14 35,000 060 32

NOTES:
1. Surface wind data was obtained at H+l hour on Bikini;

upper wind data was obtained on board the "Fall River. II

2. Tropopause height was 54,000 to 60,000 feet (exact height
is uncertain). .

3. At H-hour the surface air pressure was 14.68 psi, the
temperature 28.9°C and the dew point 25.0oC.

SCAl~

U",--,--~i ...&...1...Il...i....L.....dl.uJ--!!...-..II
o 5 iO

mHGs
Rile rats: 5000 ft/h!'

H - Hour

Figure 6. Hodographs for Operation CROSSROADS -

12
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'-'.<--ELMER

N9RTH PACIFIC OCEAN

Event
King

~o I 2 3 4 5

STATUTE MILES

ENIWETOK ATOLL
OPERATION IVY
SHOT LOCATIONS

LAGOON

HENRY

N

IRWIN -_./

"AMES-----

KEITH

LEROY_

Figure 30. Operation IVY, Shot Locations.
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OPERATION IVY - Mike

TOTAL YIELD: 10.4 mt

n\TE:
TIME:

PPG time
1 Nov 1952
0715

GMT
31 Oct 1952
1915

Sponsor: LASL

SITE: PPG - Eniwetok - Flora
110 14 I 14 II N

1620 11 1 41 11 E
Site elevatiQn: Sea level

HEIGHT OF BURST: Surface

FIREEA.LL LATA:
Time to 1st minimum: 270 to 310 msec
Time to 2nd maximum: 3 to 3.5 sec
Radius at 2nd maximum: NM

CLOUD TOP HEIGHT:
CLOUD BOTrOM HEIGHT:

98,000 ft MSL
59,OQO ft MSL

TYPE OF BURST AND PLACEMENT:
Surface burst on coral soil

and water

CRATER DATA: Diameter:
Iepth:

REMARKS:

6,240 ft
164 ft

Most of the fallout occurred over the open sea. Documentation of
the fallout was thus limited to the islands and the lagoon of
~1iwetok atoll. The lagoon dose rates were determined by multiplying
the readings obtained on rafts by the factor 7. This factor is
based upon the ratio of Operation Jangle field dose rates and readings
taken over flat plates after their removal from the contaminated area.
The data presented for the lagoon stations can thus be considered as
approximations only. The island dose rates are based upon ground-
and aerial-survey readings and were adjusted to H+l hour by using
the t-1 • 2 law to approximate \.I.e decay.
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Operation IVY - Mike. Atoll dose rate
contours in r/hr at H+l hour.
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Figure 32 • Cloud Dimensions: Operation IVY - Mike.
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TABLE 10 E!.'HW1-vr'OK WIND DATA FOR OPEFATION IVY- MIKE

Altitude H-hour
(MEL) Dir Speed
feet degrees mph

Surface 090 05
5,000 090 16

10,000 095 17
15,000 115 17
20 ,000 125 14
25,000 170 15
30,000 220 20
40,000 230 17
50,000 220 14
60,000 040 09
70,000 100 23
80,000 085 09
90,000 280 12

100,000 250 23
110,000 300 23
120,000 040 06
130,000 Calm Calm
135,000 Calm Calm

NOTES:
1. Tropopause height was 56,000 ft MSL at H-hour.
2. The surface air pressure was 14.66 psi, the temperature

29.4°c and the dew point 23.8°c.
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OPEJ.·~Nl'ION cM,rr'LE - Yanhcc.'

TOTAL YIELD: 13.5 Mt

D\'rj~:

rl'nlj~:

FPC time
5 11'-ty 19))+
OGIO

Gf>ff
Ji I'IJflY 19))+
1810 SI'J'E: PPG - Bildlli - near Dog E<

Fox
1]° 39' ')6" N

16)0 23 I 13" E
Site elevation: Sea level

HEIGH'l' OF BURST: "( ft

TYPE OF BlffiS'r AND PLACE!1.ENT:
Surface 1n:.rst from barge on water

RD1ARKS:

Cl.DTJD TOP HEIGHT: 110) 000 ft lv\SJ,
CLOUD m'l"l'OM liEIG]f!~: (1)300 ft };lSI.,

The individual island dose rates were computed from the D+l day
aerial-survey readjngs of the Radiological Safety organization. The
variouf, l'eadinc;s were corrected to H+1 hour! using the t -1.:2 re
lationf3hip) and extrapolated to 3 ft above the surface) us:Lng the air-to
ground 20nver8ion factors determined later for the REDHING Flathead shot
102. The Fox) George) Nan) Oboe) Uncle and William readings were taken
at grolmd level. All other readings were obtained by aerjal survey.
'l'be off-sj.te fallout pattern was dDcumented for the first time by a
combined water-surface reading! aerial survey! and water-sampli.ng operation.
'The d8se-rate readings were extrapola.ted to JI+l hour by us:i nc; act1..l3.1
decay rates.
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'l'AELE 16 BJJ:IIJl I'IIND D\'l'A fon OPJiJiA1'ION CI\;:.l~'L]~-

H·,·I)· hour;;Alt.:i. tuck JI- h01,)' H-H h6urs---------_._----"'-: ----
->.(_11'j_81_J,---)__D_iI_'__ 01'f'~d Dil' _ Spec:u njT._ SrJec;cJ
teet dcgr'2er~ mph cJegr':;~ci mph dC'L£rec:s TIll)]]

JI-i-9 hours
Dil' ;3l](C'C.~

degrees ml']-j

Surface
1)000
2,000
3,000
4,000
5,000
6,000
7,000
8,000
9,000

10,000
12,000
14,000
15,000
16,000
18,000
20,000
25)000
30,000
35,000
)~O, OOJ
4),000
50,000
55,000
60 ,000

080
O'TO
080
080
080

(080)
070
070

C7°
040
020
010
340

(330)
520
280
290
230
220

280
250
200

28
26
29
28
26

(25 )
23
21
13
07
06
06
06

(10)
15
10
16
26
39

64
51
53

0)0

070

070
(uSo)
090

320
290
350

(290)
2)+0

330
260
250
21+0
260
260
230

18

29

13

02
02
09

(08 )
07
13
10
)~O

18
16
29
46

oGo

090

no
(no)
HO

090

080
oGo
110

(200)
290
290
280
280
280
280
200
280
270
260

20

26

30
(29)
29

24

17
08
03

(06)
08
14
12
36
33
31
29
25
62

33

020

080

090
(090 )
090

no

1~0

180
210

(220)
230
2)+0
260
250
260
2'{0
260
280
170
140
140

15

22

23
(20)

18

12

10
07
05

(06)
06
12
10
32
1+2
66
5'(

14
30
37
46

NOTES:
1. NUlllbl~r:~ in J-'D.n:?llt)le se S iP'P (' s t:i.rnc.ted value s .
2. Wilhl d~"',-,a ,:as ohLained on lJ(J::il'~', t.!-Il' U. S. S. Curt iss.
3. TropopauGE' heiGht was 5),000 n [vF;L.
4. .At H-·hour the sea level prC:::Sl1r'e ~.J'lf ;.018.8 mb, the temperature

BO.BoF, the dew poi.nt 75.0o f and the r'.:l:tt:Lve humidity B4%.
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OP}lmTION CASTLE - Nectar

1. 69 MtTOTAL YIELD:

DA'L'E:
TIME:

PPG time
111 May 19)4
0620

GMT
13 J'.by 19)~

1820

Sponsor: ll\..SL

SITE: PFG - Eniwetok -----
Ivy Mike Crater

110 1.0' l)~" N
162() 11' )+7" E

Site elevation: Sea level

ImlGIlT OF BURST: '7 ft

CLOUD TOP BElGH'r: 71,000 ft MSL
CLOUD BOTrOM Ifr~IGffr: 40,500 ft MSL

\

TYPE OF BURST AND PL'\CEMENT:
Su~face burst from barge on water

REMl\RKS:

'r'he on-sj_te fallout pattern '..;as. ora'.m from Radiological Safety
orC;3n:i:zation data and by converting the readings obtained from fall-
out samples to equivaler;t dose -rate readings over land. Since the
fallout went in a northerly direction from ground zero very few of the
collecting stations received significant fallout. The fallout col
lected was priDL'lrily upwind fallout. Aerial survey was used for meas
urelneIlt~ north of tIle atoll, and two tugs gathered water Saml)le;:; through
out the fallout arca. Analyses of the wCl.tcr ,;amples, cOlnbincd with an
esti mate of the depth of l:1ixing, served to determine the land-equivalent
eXlxJsure rate_ at a number of points. The aerial survey served to fill
in the contours.
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NOTES:
1
2.

TABLE 17 ENHip,J.'OK HIND n'\TA FOn OPEIW.i.'JON CAS1'LE - NECT/\R

Altitu,le }I-hour lI+j he'lll'::': }l-19 hours
(M3L) -

Dir Spec:u Dir Speed Di.r Speed
feet degr~cs mph deGrees mph degrees mph

Surface 090 22 070 23 090 23
1,000 090 24
2,000 100 20 no 24 100 20
3,000 no 22
4,000 no 22 110 20 140 16
5,000 (110 ) ,( 18) (100) (16) (150 ) (16)
6,000 no 16 100 14 160 l(

7,000 100 1)+
8,000 100 12 120 13 160 16
9,000 no 13

10,000 110 16 130 16 170 16
12,000 120 20 140 12 190 20
11f J 000 110 21 120 16 200 21
15,000 <120) (n) (120) (18 ) (200) (18 )
16,000 130 14 120 18 200 17
18 J ooo 140 14 200 08 190 17
20 J OOO 130 09 150 21 190 15
25J OOO 190 07 210 06 Calm Culnc
30 J OOO 230 19 200 14 Calm Calm
35,000 210 10 210 29 180 16
40,000 210 29 210 31 180 10
)+5,000 230 37 2)+0 2)~ Calm Calm
50,000 280 40 280 27 Calm Calm
55 J OOO 290 ' 41+ 310 30 230 14
60 ,000 240 18

Numbers in parentheses are estimated vCilues.
Wind data was obtained by the weather station on
Eniwetok Is land.
Tropopause height ""as 56 J ooo ft MSL.
At H-hour the sea level pressul'CC' was loolS.}1 mb, the temperature
800 FJ the dew point 75°F and thp. relative humidH,y 8')%.
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OPJ::lWl'ION WIG\-IN>1

PlJI'
ffi'rE: 111 Mr-lY 19'))
'rUiE: 1300

TOT~L YIF~~D: 30 kt

CJvYl'
1)~ J1'ty 1955
2000

Sponsor: DOD

SITE: Pacif:Lc Ocean )~OO miJes
Southwest of San Diego
28° !+~ I N

126° 16 1 1rl
Site elevation: Sea level

FIREP/l.LL n"I.TA:
Time to 1st minimum: NM
Time to 2nd 1lBxlmum: NM
Radius at 2nd maximum: M~

HEIGUr OF BURST: 2000 ft under
water depth 16)000 ft

TYPE OF BURST AND PLA.Cr-l'iffiHT:
Subsurface burst - Device
suspended by cable from barge

WRAY J?=lME H:E;1 GJIT :
FIRS'l' PLUME HEIGlfl':

880 ft l<1SL
1)450 ft M8L

RD1APX8:
liThe contours given (for H-I-l. 4 hour) ...'ere computed on the basis of

surface and subsurface water samples and are reproduced heTe w1corrected.
They do not represent fallout activity deposited on the surface. The
activi ty vias mixed throu(';hout a surface zone '.'>'1lOse depth remained roughly
constant for the first two days. This cont.aminated zone resulted from
debris thrown out locally during the surface events or from upvlelling
of contaminated Hater from belol-1. The dO\·;nwind airborne radioactivity
varied with the base surge and yielded very Iittle if any residual
fallout." At H+19 minutes the contaminated 'dater area
was about ).3 mi2

• The area was contaminated in an irregular ffi3.nner)
the peak intensities being approximately three times the average intensity
of 25 to 30 r/hr) 3 ft above the surface. 'The area circumscribed by a
50 mr/hr isoiritensity contour increased to 7.5 mi2 at Hf-r.4 nr. At H+l+.2
hr it had decreased to 3.5 mi 2

• 1·1easurements of water samples i.ndicated
a radic'8.cti ve decRy exponent
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Figure 63. Operation REDWING, Shot Locations, Eniwetok AtolL

NOATK PACIFIC OCEAII

f'"''
~,

ENIWETOK "TOLL

OPERATION nED'NING

SHOT LOCATIONS

L---L.-L_J_.L-.J
OI23~~

Siolufe Miles

LAGOON

N

Figur(~ 64. Operation REDVING .• f,Jlot Locations, Bikini Atoll.
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OPERATION REDWING - LaCro;3se

TOTAL YIELD: 40 kt

DATE:
TIME:

PPC 'rime
) r-by 1956
0625

GMT
4 May 1956
182)

Sponsor: LASL

SITE: PPG - Eniwetok - Yvonne
nO 33' 28" N

1620 21' 18" E
Site elevation: Sea Level

HEIGHT OF BURST: 17 ft
FII~Ern.LL D'VrA:--_..

'rime to 1st minimClm:
Time to 2nd maximum:
Radius at 2nd maximum:

18 to 34 msec
190 to 254 msec

872.5 ft

TYPE OF BURST AND PLACEMENrr:
Surface burs':; from platform on
coral soil

CRATER Dl\TA:
Diameter:
Depth:
Lip:

REMARKS:

40)+ ft
44 ft
15 ft

CLOUD TOP HEIGHT:
38,000 ft MSL (Ref 105)
}~O,OOO ft MSL (Ref 112)

CLOUD BOTTOM HEIGHT:
22,000 ft J\18L ( Hef 105)
13,OOG ft M~)L (Ref 112)

The dose-rates shown for the islands of the atoll are based upon
ground and aerial surveys IllUde by the l~diological S,) fety organization
and by Project 2.65. The dose-rate readings in the imme<.1iate environment
of the crater were ('alculated from survey readinGS at low t ide on DH
day and D+2 days, after the reef around tIle crater Ilad been flushed by
at least two high tides. T'ne measured field gamma decay exponent

Was used to extrapolate the readings to 11+1 hour. The Olre rending
wLich gave an H+l hour dose rate of' 57,000 r/hr was uniquely [JiGh and
IMy have been due to one of the extremely radioactive, partially fused,
pieces of metal scattered about near the crater.
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Figure 65. Opel'a tion RED\·1JNG - lAcrosse.
I sland dose raVes in r/hr at H+l hour.
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Cloud Diameter No.3

Cloud Top Hel(.Jhf~
38,000 ft. """

Tropopouse Height
53,000 ft.

-.c-
Ot
(l)

:I: 10
"l:l
::J
0

L>

--I
U')
~ 20i--"""i;;r---r---t::::~;;oof

.t:
""0

fO~"" -+ -+-__;;~=+-_.__+- '-__-{__=-"4 + -f
030,

Figure 67 . Cloud Dimensions: Operation REDVING - l'::,crosse.
Diameter-curve 1 represents the diametpr of the mgin
cloCld; curve 2 refers to a portion of the cloud which
resulted from a shear at 8 minutes; curve 3 represents
the average diameter of two clouds which resulted from
a shear of the second cloud at 15 minutes.

104



'l'ABLE 18 1.'NT'\'''E~'OK WI ND D'\'I'A FOR OPEPJlT10H hr:UvilNG- L\CRO:JSE

Altitude H-hour jr+21- llou:t':_,_. n-f-);; lJOllYS H+B!.i ho·,Jr;-;
(1'1SL)

-"""'"'-- --
Dil' Speed mr Speed mr STlced Dir ;;;ncerl

~_.-
. ,

feet degrees mph degrees mph degrees mph degrees mph

Surface 070 17 090 15 CJ90 11.j. 090 14
1,000 100 28 090 23 090 18 080 18
2,000 210 28 no 2)1 090 24 090 22
3,000 110 28 no 26 no 29 100 29
4,000 110 29 no 26 110 31 100 31
5,000 110 33 110 29 no 29 100 32
6,000 100 34 110 28 no 33 110 ' 30
7,000 100 32 110 28 no 33 110 26
8,000 090 26 110 31 no 31 no 23
9,000 090 23 100 33 110 31 120 23

10,000 100 23 100 33 110 26 120 22
12,000 100 13 100 22 100 17 120 20
14,000 110 06 090 07 050 02 120 09
15,000 (18o ) (06) (020) (OT) (020) (02) (040) (08 )
16,000 250 05 320 07 350 03 320 07
18,000 230 05 260 07 2'{0 05 250 05
20,000 240 15 250 l'f 270 17 210 09
25,000 260 28 260 31 260 30 260 32
30 ,000 240 43 250 47 240 51 250 47
35,000 260 60 260 55 260 60 260 69
40,000 260 69 250 71 260 68 260 73
45,000 240 58 250 74 260 71 260 75
50,000 2)+0 70 240 71 250 69 240 6)·,
55,000 280 33 250 4~ 2 r(0 32 290 36
60,000 130 09 150 08 180 06 190 13
65,000 130 15 210 05 no 07 140 Uf
70,000 080 12 °9D 06 090 13 080 12
75,000 110 32 090 25 110 38 090 37
80,000 090 48 110 47 no 51 100 1,9
85,000 100 64 090 64 090 62 0S'0 56
90,000 100 72 no 69 100 71 100 61
94,000 100 65
95,000 100 64 100 57 100 62
98,000 100 63

100,000 100 65 100 63
102,000 100 63
105,000 100 67
106,000 100 67

NO'l'ES:
-1-.-' Nwnbers in parentheses are estimated values.

2. Tropop.'ltwe he:Lght waD 52,300 ft MSL. (Heference 1)~9 ) •
3· Wlncl data was obtained by the weether stEition on Eniwetok Island.
4. At the curfHce the air press1ue 'Was 1)1.62 psi, th~ temperature 027.2 C,

the dew })oint 25.0oC, and the relative hmoldity C,)I/L
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OPEIWrlON mmvJ]JG - 'fewa

D'\TE: ::-:'1 J 111 195G 20 LTu1 19)6
'flME: 0)1+6 1'[46

'fOrPJ, '{1!'1,D: 5 Mt------

SI'l'i~: PPG - Biki.ni - Cha:-::lie
DoC; J\r-.:ef

11° )~O' 26" N
165° 20 J ::-:'2" E

Site elevation: ;,ea level
F'I1\EBJl.LJ, D'\'1'A:-----_ .._----

TiMe 1,8 1st minimum:
Time to 2nd ~aximum:

Radius at 2nd maxj.rnum:

cnr.TER Di\'l'A:
Diameter: 4)000 ft
Depth: 129 ft

HEM!\RKS:

18) to 2LfO
2.08 sec

5) 9CJ4 ft

H8IGHT OF BUR:;'I': 1) ft

TYI)E OF mm~;T AND PLAC1'J';[EJlJT:
Slll'face burst from barbe on
water; center of gravity 15
ft above surface of vlater;
depth to bottom 25 ft.

CLOUD TOP HEIGHT: 99) 000 ft H.SL
CLOUD DOrrOH m~IGHr: :NM

'fhe on-site fallout pattern was drawn from island readings taten by
scientific projects) supplemented ·by fallout sample collection on rafts
and barges j.n the lagc,on. Actual field decay measurements indicated a
decay cX}Jonent 'T'hie dec8.y exp:JrPllt was used to extral'o1a te the
dose rate readings to H+l llClur. The extremely heavy rains which followed
thj.s 8110t had no ol1servable effect on the decay rates. On all idsr1ds the
contaminaLio:1 remainin['; from previous c~hots 'vms negligible in compnrison
with the high radiation levc13 produced by this ~hot. Very slight
fallout occurrine; approxinEtely 18 houre afLeI' firing increased the back
grouml on Nan by aIJproxj_m.ql..e ly 4 mr/hr. In cor.trast to the other bar;~e

shots) contamination was also experienceu on the atollis southwestern
islands.

The off-site fallout pattern was drm.Jl1 from oceanoc;raphic surveys. The
oceanogro.phj.c surveys used detector pro1Y~s for measuring the: do,:e rate
at depths to and l'elow the tJle I11l0C line . \Vatcr-eampling equi.pment was
used for the taJ<.:illg of surfricc samples and for the collection of salll·.,les
from any desired depLIJ. 'l'hc dose rate readinGS vlare extrapolated to H+l
hour by m;inc; the decay measUl'cment3 of' the samples collected. Fallout
from the firine; of this device contam:illa. ted Eniwei.o], al.olL The fallout
on Bnhleto], commenced apIH'oxim'itely 9 hOUl'i.5 after Ul(; device was fired
\-lith a p,~ak of 100 Lo 120 lllr/In'.
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Figure 108 . Operation REDWING - Te.....a.
Off-site dose rate contours in r/hr at H+l hour.
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'l'AJ3LJ<: 33 l'.JLINI \-llND J2<\'L'f\. I"on OFHU\'l'ION r;:':JYl'llIJG - 'rJ';Hf\.

AJ LL tllde ][-}'CJI:r
---------

(111m,) J1ir ;~r,ccd

--1i:-·e-c"t-'-- de b re e S 1rl}lJ

JI-ij h()llJ'S_._-_.-
Dir ~.~:;JC:cd

cic.:C;l'ec S ]111lh

Surfuce
1,000
2,000
3,000
4,000
5,000
6,000
7,000
8,000
9,000

10,000
12,000
14,000
15,000
16,000
18,000
20,000
25,000
30,000
35,000
40,000
It 5,000
50,000
55,000
60,000
65,000
70,000
72,000
7),000
80,000
8 r),000
90,000

090
080
090
no
no
no
100
100
090
090
070
080
080

(100 )
1?0
090
130
290
320
190
260
250
270
no
070
090
090

080
100
100

15
17
n
18
18
18
20
22
23
21
20
17
16

(12 )
07
13
13
09
06
09
23
37
25
06

33
52
48

61
55
56

090
090
100
100
100
100
110
110
100
no
100
100
100

(100 )
100
no
120
130
210
260
270
290
260
070
080
100
110
no

16
J.6
17
20
2J.
20
20
23
2)·~

22
17
15
10

(J.3 )
15
15
13
07
13
13
28
21
21
OJ
37
50
40
37

100
100
090
lUO
100
090
090
090
100
090
090
090
080

(090)
090
120
11~0

180
170
150
270
340
oGo
080
080
100
090

090
090
090
090

22
20
18
21
18
J.6
10

(n)
13
l'~. -'

12
06
0)
05
20
13
20
16
21
5)+
55

080
080
090
090
090
100
100
J.OO
090
090
090
080
060

(080)
090
160
180
220
260
270
320
O)jO

310
100
090
100
090

090
090

22
13
16
14
18
23
23
22
21
15
15
13
09

(12)
J)j

03
Of

15
07
11+
18
31
12

NCYI'Ef,;
1. Nmnbers in parentheses a.rc estimated values.
2. Hind data was 01)tainccl on board the U. S. S. Curtiss.
3. TrOl)O!laUse hei[~ht ",as 52,000 f't 1I18L.
II. At JI-hour the sea level prccsm'e was 1009.3 mb, the temperatnre

82° F, the de'>, poi.nt Tio 1<' a.nd the rc lat1. vc humhli ty 8)%.
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OPER4TION HARDI'ACK I - Wahoo

DlI.TE:
TIME:

PPG Time
16 May 1958
1330

GMT
16 May 1958
0130

Sponsor: LASL/DOD

SITE: PPG - Eniwetok -south by
SSW of Irwin about 8,000
ft from the island
no 20 r 41" N

162° 10 r 44" E
Site elevation: Sea level

HEIGHT OF BURST: -500 ft under
water

TYPE OF BURST AND PLACEMENT:
Underwater - Device suspended
by a cable. Water depth
3,200 ft

REMARKS:

PLUME TOP HEIGHT: 1,760 ft MSL
at 15~- sec

PLUME DIA~~EI'ER: 3,400 ft MSL
at 15! sec

"Nearly all of the total gamma dose occurred wi thin 25 minutes after
zero time and was due to the passage of airborne radioactive Qaterial.
Garr@B doses in excess of 10Gr occurred within the first 15 minutes at
downwind distances less than 16,000 feet. In both ~hstances ~he

residual field due to deposited radioactive materie:L was rele..-sively
insignificant, although radioactive foam may represent a radiological
hazard."
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Figure 125. Operation HA.RDrACK I - \-lahoo.

On-site cumulative dose to 6 hours in roentgens.

207



TABLE 40 ENlWEI'OK WIND I1\TA FOR OPEFATION HARDI'ACK I - WAHOO

H-1~- hoursAltitude H+4),- hours
(

(MSL) Dir Sper~d Dir :Jpee d
feet degrees mph degrees mph

Surface OSK' 17 080 16
1,000 090 22 080 18
2,000 090 22 080 20
3,000 090 20 080 21
4,000 090.. 17 080 20
5,000 070 13 060 14
6,000 040 08 050 12
7,000 330 07 350 07
8,000 280 12 300 14
9,000 290 17 300 20

10,000 280 21 300 22
12,000 310 16 290 14
14,000 290 09 310 12
16,000 020 07 340 09
18,000 240 14 020 09
28,000 040 08 040 13
23,000 060 05 010 07
25,000 240 02 360 07
30,000 300 15 260 10
35,000 260 35
40,000 270 25 270 30
45,000 280 29
50,000 340 15 310 24
52,000 270 09
55,000 070 06
60,000 060 15 020 20
65,000 090 17
69,000 120 10
70,000 090 12 100 07
73,000 090 57 060 13
75,000
80,000 100 60 090 40
85,000 090 57
90 ,000 090 57 090 72
95,000

100,000 090 79
110,000 100 93
114,000 100 100

NOTES:
~ Wind data ~as taken by the Eni~etok weather station.

2. Tropopause height ~as 59,000 ft MSL.
3· The surface 3ir pressure ~as 14.69 psi, the temperature

3D.8°c, the dew point 73°F, and the relative humidity 63%.
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OPERATION HARDTACK I - Holly

D\TE:
TIME:

PPG Time
21 May 1958
0630

GMT
20 Hay 1958
1830

Sponsor: LASL

SITE: PPG - Eni~et0k - West-- .
of, Yvonne, 4,000 f-s
from the nearest edge
of the island
nO 32' 38" N

1620 21' 22" E
Site elevation: Sea level

HEIGHT OF BURST: 13.06 ft

TYPE OF BURST AKD PLAC~.ENT:

Surface burst from barge on
~ater

Water depth: 40 ft

CLOUD TOP HEIGHT: 15,000 ft MSL
CLOUD BOTTOM HEIGHT: 7,000 ft MSL

REMARKS:
Only individual island dose rates are available. These ~ere obtained

from helicopter surveys made by the Radiological Safety organization
at H+4 hours. The helicopter survey technique called for the pilot
either to land the aircraft at the desired spot, so that 8 ground
reading could be obtained, or to make a slow pass over the desired spot
at an elevation of 25 feet. Readings taken at 25 feet were multiplied
by a factor of 2 in order to obtain a reasonable approximation of the
true ground reading. The basic instrument used in the aerial surveys
~as the AN/PDR-39 survey meter modified to read up to 500 r/hr. The
t-1 • 2 decay approximation ~as used to extrapolate the H+4 hour dose
rate readinGS to H+l hour.
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OPERATION }~RDTACK I - Umbrella

ffiTE:
TIME:

PPG Time
9 JW1e 1958
1115

GMT
8 June 19)3
2315

Sponsor: roD

SITE: PPG - Eniwetok - NNE of
Henry
11° 22' 51" N

162° 13' 09" E
Site elevation: Sea level
Water depth: 150 ft

HEIGHT OF BURST: 150 ft underwater

TYPE OF BURST AND PLAC~1El',"I':

Sub-surface burst on lagoon
bottom

REMARKS:

The pattern was obtained from a total of about 80 points which is
really too few to place much reliance on the rather pronounced lobing
of the downwind contours. "Nearly all of the total gamma dose occurred
within 25 minutes after zero time and was due to the passage of air
borne radioactive material. Gamma doses in excess of 100r occurred
within the first 15 minutes at downwind distances less than 14,000 feet.
The residual field due to deposited radioactive material was relatively
insignificant, although radioactive foam may represent a l~diological

hazard. "
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Figure 141. Operation HARIJrACK I - Umbrella. Idealized
rate contours in r. (Contours represent cumulative
dose to 6 hours.)
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TABLE 48 ENH,'ETOK WIND D\TA FOR OPERATION HARDrACK 1- UMBRELLA

Altitude H+:t hour H"i{);l hours
(I-tSL) Dir Speed Dir ~peed

feet degrees mph degrees mph

Surface 060 23 070 23
1,000 050 26
2,000 060 24
3,000 070 24
4,000 080 25
5,000 080 28
6,000 090 28
7,000 100 21
8,000 100 17
9,000 100 20

10,000 100 24
12,000 no 18
14,000 120 15 070 09
16,000 100 09 060 15
18,000 160 05 080 07
20,000 070 07 190 05
23,000 090 02 030 09
25,000 080 06 360 05
30,000 050 06 350 17
35,000 330 14 250 15
40,000 260 14 270 15
45,000 270 15 200 29
50,000 280 10 200 20
55,000 160 08 150 06
60,000 140 07 040 08
65,000 090 24 120 22
70,000 100 20 080 16
75,000 100 45
80,000 100 57 090 57
85,000 090 57
90,000 090 62 090 63
95,000 090 63 --
99,000 090 56

100,000 090 60
105,000 090 58

NOTES:
-1-.- Wind data was taken by the Eniwetok weather station.

2. Tropopause height was 54,000 ft MSL.
3· The surface air pressure was 14.66 psi, the temperature

30°C, the dew point 72°F, and the relative humidity
63~.
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OPERA'l'ION HARDTACK I - Quill':e

DATE:
TIME:

PPG Time
b Aug 1958
1)+ 15

GMT
6 Aug 1958
0215

Sponsor: UCRL - DOD

SIT~ PPG - E;niwetot - Yvonne
nO 33' 15" N

162° 21' 2)~" E
Site elevation: Sea level

HEIGHT OF BlffiST: 3 ft

CLOUD TOP IffiIGHT: 1)500 ft MSL
CLOUD BOIT0l-1 HEIGE'l': NM

RENARKS:

TYPE OF mJRST P.ND PL,'1.CEMEH'I':
Surface burst from platform
on coral soil

Only alpha contnmination resulted from this detonation. Surface
alpha monitoring Was conducted throughout the area on D and D+l day
with PAC-3G gas-flow proportional alpha counters. The readings
were taken in counts per minut~) corrected for the probe are3)
and multiplied by the appropriate shielding factors to compensate
for the roughness of the surface monitored. The two isoconcentration
lines shown are the most significant ones) since 3)500 ~e:;/m2 is
the chronic hazard limit and any concentration in excess of 1 .• 000 ~g/ma
requires decontamination. It is interesting to note that in the great
maj ori ty of cases the alpha concentrations in the downwind area were
higher on D+l than on D day.
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Figure 175. Operation HARDTACK I - Quince.
Alpha contamination in microgr3ms per square m2ter.
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TABLE 65 ENH.rEI'OK 1tfIND m.TA FOR OPEMTION HARDI'ACK I -

Altitude H-hour
(MSL) Dir Speed
feet degrees mph

Surface 060 13
241 070 14
482 070 14
723 070 16
964 080 16

NOTE: Find data was taken by the Eniwetok weather station.
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Figure 176. Hodograph for Operation HARDTACK I -
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OPEHATION Hi\RDI'ACK I - Fig

N
E

Sea level

IY\.TE:
TIME:

PPG Ttme
18 AUG 1958
1600

GMT
18 Auf.:~ 1958
o~oo

Sponsor: UCRL - DOD

SITE: PPC - Eniwetok 
Yvonne
11° 33 1 15"

162° 21' 24"
Site elevation:

HEIGlIT' OF BURST: 1. 5 ft

TYPE OF BURST AND PLACEMENT:
Surface burst from platform
over Nevada soil

CLOUD TOP HEIGHT: 5) 400 ft MSL
CLOUD BOTIIJ;\1 Jrt:IGHT: 4)3CO ft MSL

REMARKS:
~e-dose-rate contours were obtained by ground survey readings made by
scientific projects. Actual decay measurements were used to correct
the dose-rate readings to H+l hour. The portion of the pattern on the
island is reliable. That P?rtion which is over water is less reliable
because it was not based upon free-field dose-rate readinGs but upon
calculati.ons made from ,readings taken on five barges and from samples
collected in sticky pans mounted on 87 buoys.
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On-site dose rate contours in r/hr at H+l hour.
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TABLE 66 ENIWETOK v,1J:ND ffiTA FOR OPEAATION HARIJ:rACK I - FIG

H-hourAltitude Pange
(MSL)
feet

Dir
degrees

Speed
mph

° - 1,000 080 17
1,000 - 2,000 090 19
2,000 - 3,000 100 18
3,000 - 4,000 110 19
4,000 - 5,000 100 18
5,000 - 6,000 100 18
6,000 - 7,000 090 18
7,000 - 8,000 090 21
8,000 - 9,000 090 21
9,000 -10,000 080 21

NOTES: 1. Wind data was obtained by the weather stations on
Yvonne Island (Eniwetok Atoll)j which were lo2ated
1,000 yds and 1,500 yds from GZ.

2. The surface air pressure was 14.62 psi, the temperature
30°C, the dew point 78°F, and the relative humidity 77%.

10

9

e

7

6

SCALE

1""1,,,,1
o ~ 10

Mil••
fU .. Rat •. ~ft/lv

"-Hout

Figure 179. Hodograph for Operation HARDI'ACK I -
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OPERAT10N DOMINIC - Mesi 11.1.

DATE:
TUm:

LOCT
9 May 1962
0701

GMT
9 May 1962
1701

SPONSOR: LASL

SITE: Christmas Island, GZ-10

SITE ELEVATION: Sea Level

HEIGHT OF BURST:

TYPE OF BURST AND PLACEHENT:. ------
Air (free fall) over,
Pacific Ocean

OPERATION DOMINIC 

LOCT

SITE: Christmas Island, GZ-10

DATE:
TUill:

11 Hay 1962
0537

Huskegon

GMT
11 Hay 1962
1537

SPONSOR: LRL

OPERATION DOMINIC -

DATE:
TIME:

PST
11 May 1962
1202

Sword
Fish

GMT
11 May 1962
2002

SITE ELEVATION: Sea Level

HEIGHT OF BURST:

TYPE OF BURST AND PLACErlENT:
Air (parachute drop)~ over
Pacific Ocean

SPONSOR: DOD

SITE: ~400 miles west of San Diego
31 0 14.7' ± 0.3' N

124 0 13.3' ± 0;3' W

SITE ELEVATION: Sea Level

DEPTH OF BURST:

REHARKS:

WATER DEPTH: 17,100 ft

TYPE OF BURST AND PLACEMENT:
Underwater, from anti
submarine rocket

Figure 180 illustrates the growth and movement of the pool of radio
activity resulting from the Sword Fish test. The contours from D-day
to D+6 days represent readings in mR/hr at 500 feet above the water slIrface.
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FiGure 180 OPERATION DOMINIC - Sword Fj "h contours
showing ~rowth and movement of the pool of r~ctio

activi ty from D-day to D+G days. Contours values in
ml1,!hr at the survey aircraft height of 500 feet
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